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O D U C T IO N

Primary objective of electrical stimulation 
° f  anim al carcasses is to prevent cold

Välity 
w'th

^ ° r,0ning and consequent toughening in the 
It is widely accepted for improving eating 
of beef and lamb, but has been less used 

rr)Q Pig carcasses w here the rate of post 
e5r[tern m uscle glycolysis is faster. Despite the 

ler onset of rigor, cold toughening has been 
S{S6rVed in pigmeat by several workers (Marsh 

aE, 1972; Fisher et a l., 1980; Gigiel and 
1984; Dransfield and Lockyer, 1985; 

1gg er and Vestergaard, 1987; Barton et al., 
)■ Consequently, over the last eight years,Stüçj

OQi
les have been carried out on the effect of ES 
9uality characteris tics  of pig m eat, in

^ n a t io n  with accelerated or conventional 
ln9 procedures.

ohin
in ̂
b6 any cases, the results of these studies have 
5I c°nflicting. Smith et al. (1980), Johnson et 
st 1982), Swasdee et al. (1983), Crenweldge  
c0n*!- (1984  a, b) and Neel et al. (1987) 
%3|(Uded that ES had no general effect on 
V O  characteristics. On the other hand, 
c5rc  ̂ ^ 9®6) found that loin chops from ES 
fr0 ass0s were less tender and juicy than those 

n°n-stim ulated (N ES) controls, and that 
E§ ^ Jrnulative weight losses were higher after 
CsrcReagan et al (1984, 1985) reported that ES 

ass*s  which w ere chilled slowly at 7°C, 
9nCjS .rr,0re drip loss than NES controls. Gigiel 
IqSs ,arri0s (1984) reported no difference in drip 
(̂ ¡n ln retail packs between rapidly and slowly 
dfip^d Pig sides, but ES significantly increased 
1iv6, ° Urfold in rapidly chilled, and more than 

d in conventionally chilled sides. They  
Iq$s freP °r1ed no significant difference in drip 
bt djff0rri rnuscle core samples from pigs chilled 
dvSr erent rates, but again ES increased the 

a9e drip loss from 1.6%  to 4.6% .

0ri PHr6Sent studV investigates the effect of ES 
borSj *a 'E drip loss and tenderness in the M. /. 
Pig (ED) and M. semimembranosus (SM) from 
t r a s s e s  of d ifferen t w eights, chilled

0r conventionally.

M A T E R IA L  A N D  M E T H O D S .

M a t e r ia l
A total of 80  Large W hite pigs, ranging in 
weight from 38 kg to 82 kg were used in five 
groups of 16 according to the experimental plan 
shown in Table 1. All pigs were electrically 
stunned (400v for 4 sec ) and slaughtered  
within 5h of delivery at the Institute abattoir.

T a b le  1 Schedule of chilling treatments for 5 
experim ental groups of pigs with electrical 
stimulation (ES) and without (NES). Comparisons 
are made between sides of each pig.

Wt. range Mean Wt. Comparison
Kg Kg

1 3 8 -5 7 4 6
2 3 9 -5 8 4 7 ES v NES, rapid
3 6 4 -7 1 6 7 chill

4 6 4 -8 0 71 ES rapid v NES
5 6 2 -8 2 7 5 conventional chill

PR O C ED U R ES

E le c tr ic a l s t im u la t io n
Prelim inary trials with 60 pigs using low 

voltage ES immediately after slaughter and high 
voltage (12 .5H z and 25H z) at 20 min. post­
slaughter, showed that the greatest and most 
consistent pH fall was produced by 700v peak at 
12.5H z, applied for 90 sec. at 20 min post- 

, slaughter. These parameters were used in this 
study, and ES was applied to half-carcasses via 
stainless steel hook electrodes inserted above 
the Achilles tendon and in the severed neck 
muscles.

C h i l l in g
All pig sides, ES and N ES, w ere placed in 
chillers at 40 min post-slaughter. For rapid 
chilling, sides were held in a room with air at 
-9° ±  3°C  and 1.2 ±  0.5 m/sec velocity, until 
temperature in the deep loin reached 7° - 10°C. 
This took between 1.6h and 2.0h depending on 
carcass  w e ig h t, and s ides  w ere  then  
transferred to a conventional chiller with air at 
2°C  and 0 .5  m/sec velocity. Conventionally  
chilled sides were held in the aforementioned  
chiller for the whole duration of cooling. During 
chilling, tem peratures w ere recorded in the 
deep and surface musculature of the loins and 
legs. All pig sides were butchered at 48h post­
s laugh ter to provide m uscle sam ples for 
assessment.
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T ab le  2. Mean pH values at different times post slaughter for LD and SM for stimulated (ES) and 
non-stimulated (NES) pig sides. Eacn value is the mean for 16 sides.

(a) LD

20
NES

min*
ES

40
NES

min
ES NES

3h
ES

24h
NES ES

1 6 .3 2 6 .3 4 6 .1 3 6 .1 3 5 .9 7 5 .8 3 5 .5 0 5 .4 8
2 6 .4 9 6 .5 0 6 .3 6 6 .1 7 6 .1 0 5.81 5 .5 8 5 .5 5
3 6 .5 9 6 .5 5 6 .5 3 6 .4 4 6 .2 4 5 .9 4 5 .6 0 5 .5 0
4 6.31 6 .2 4 6 .1 5 6 .0 2 5 .7 9 5 .6 9 5 .4 7 5 .4 2
5 6 .4 3 6 .4 6 6 .2 8 6 .1 0 6 .0 0 5 .8 2 5 .61 5 .61

overall mean 6 .4 4 6 .4 2 6 .2 9 6 .1 7 6 .0 2 5 .8 2 5 .5 5 5.51

(b) SM

1 6 .6 0 6 .6 2 6 .4 6 6 .2 9 6 .2 5 5 .8 8 5 .51 5 .5 i
2 6 .6 4 6 .6 4 6 .5 3 6 .1 4 6 .3 6 5 .9 5 5 .6 6 5 .5 i
3 6 .7 5 6 .6 7 6 .7 2 6 .4 7 6 .4 7 6.1 0 5 .5 9 5.6S
4 6 .6 4 6 .4 9 6 .4 7 6 .1 5 6 .2 2 5 .8 4 5 .5 7 5.41
5 6 .6 5 6 .6 6 6 .5 0 6 .1 3 6 .3 0 5 .8 3 5 .6 7 5 .6 i

overall mean 6 .6 6 6 .6 2 6 .5 4 6 .2 4 6 .3 2 5 .9 2 5 .6 0 5 .6

* Before stimulation

T ab le  3. Mean values of drip loss (48H), shear value and FOP on LD and SM muscles.
Each value is the mean for 16 sides

Drip loss (%  by wt) Shear value1 (Kg) POP
LD SM LD SM LD

NES ES NES ES NES ES NES ES NES B3

1 3 .0 6 1 .9 8 1 .9 3 2 .01 8 .2 5 7 .4 6 7 .1 7 6 .0 4 2 3 20
2 2 .3 4 1.31 1 .1 4 1 .3 0 9.01 6 .2 2 7 .1 7 6 .2 9 1 8 1 9
3 2 .3 7 1 .9 9 1 .4 9 1 .9 0 5 .9 5 5 .1 7 5 .7 5 5.61 2 4 25
4 3 .2 5 2 .2 8 1.91 1 .9 5 6 .3 7 5 .6 0 5 .6 6 5 .6 5 3 2 33
5 2 .2 0 1 .3 5 1 .2 0 1 .5 0 7 .7 4 6 .3 8 5 .5 0 5 .5 8 2 9 25

overall mean 2 .6 4 1 .7 8 1 .5 3 1 .7 3 7 .4 6 6 .1 7 6 .2 5 5 .8 3 2 5 25
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Jabie 6. Relationship between drip loss and 
p^ 40  of LD. Drip losses(%) are grouped in 3 
3n9es.

Drip n Aph4o SD
% (m ean)

0 .6 0 - 1 .2 2 6 0 .1 8 0 .11
1 -21 -2 .2 2 9 0 .1 5 0 .1 3
2 -2 1 -5 .5 2 3 0 .0 8 0 .1 0

able 7, samples are grouped together into 4 
9es according to shear values. The ranges 

, aV be considered as Very tender' (2.2 - 4.5), 
■v nc,er' (4.51 - 6 .3 ), 'tough' (6.31 - 8 .2 ) and 

'ough' (8.21 - 16 .0 ). The distribution of 
d and N ES  sam ples am ong the ranges

^ o n stra tes  the g en era l im p r o v e m e n t  r6suitir
^  widely. Again, the lower drip loss from

Siting from ES, although individual sam p les  ^hed
samples is clearly shown.

TaL,
6 7. R elationship  betw een shear value, 

Va|J 0 a nd drip (48h) of LD muscles. Shear 
6s are grouped in ranges regardless of ES.

varied widely between animals. Table 4 shows 
that, for about 27%  of the pigs, ES produced  
little or no pH drop; for another 27%  the drop 
was slight, and in fact only about 12%  of the 
pigs gave drops >0.25 pH units, the effect of 
high voltage ES on pH was therefore less than 
that found by Gigiel and James (1984 ) where  
the mean pH of stimulated LD at 40 min post­
slaughter was less than 5 .60 . In their study, 
however, high voltage (700v peak) was applied 
at 5 min p o s t-s la u g h te r and this early  
stimulation may have contributed to the greater 
pH fall compared to our study where ES was 
applied 20 min after slaughter.

The most interesting result and possibly the 
most contradictory, was the effect which ES 
had on drip loss. Most workers have reported 
increased drip loss from ES meat, but in our 
exp erim ents , drip  w as consis ten tly  a n d  
significantly lower from ES LD sam ples. Over 
all pigs, drip loss from the LD of NES sides 
ranged from 2.2 to 3 .3%  compared with 1.3 to 
2 .3 %  from their ES counterparts. Table 4 
shows quite clearly that, even where ES had 
little  a p p aren t e ffe c t on pH, drip was  
consistently lower from sides which had been 
stimulated. W here PH40 values for ES and NES

Shear
range(Kg)

n Ph 40
(m ean)

%  drip 
(m ean)

sides were the same, the amount of drip w a s  
still significantly less after ES. This effect was 
not observed with SM sam ples, w here ES

2-2 0 -4 .5 WES 6 6 .6 0 1 .7 6 induced a greater pH fall than in the LD, and led

00C
D1

ID

xT ES 20 6.21 1 .4 3 to a slight increase in drip loss.

NES 1 1 6 .41 2 .41
ES 3 0 6.21 1.61 Examination of Table 6 shows that a lth o u g h

6- 3 l - 8 .2 NES 3 5 6 .3 0 2 .7 3 approxim ately 70%  of sam ples had s im ila r

S-21-1 6.0
ES 1 5 6 .0 8 2 .1 5 A p H 4o values, drip ranged from 0.6 to 2.2%.

NES 2 5 6 .2 4 2 .71 For the remaining 30% , minimum APH40 was

ES 1 5 6.12 2 .1 4 accompanied by maximum drip loss. Gigiel and

&l$
ClJS S lO N

MiOst
previ°us studies on the effect of ES on 

cf|j|| 7 characteristics of rapidly and slowly 
p'9 carcasses have produced conflicting 

v*riats- 'n some cases this may be because of 
l0n betw een anim als, but it could also 

f>gr  ̂ r®sulted from the different ES and chilling 
e ,e rs em ployed. This study, in which 

s ^ n t  were compared between sides of the
a nimal and used a total of 80 pigs, 

som e of the  main
Ŝctl

Conc( y c o n trad ic ts
S|°ns of previous workers

Effect of ES on pH at 40  min post-slaughter

Jam es (1984) reported a fourfold increase in 
drip from ES LD compared with NES controls, 
although their drip measurement was over 24h 
instead of 48h period of this study. As stated 
ea rlie r, the pH drop observed  in the ir  
experiments was also decidedly greater.

It is quite clear that ES improved tenderness in 
the LD, and to a lesser extent in the SM. 
Although the variation  betw een pigs was  
considerable, the effect of ES on the LD was 
particualrly consistent across all 5 groups of 
pigs. The m ean overa ll im provem ent in 
tenderness of the LD was 17%, which could be 
commercially important for high value loin cuts. 
For the SM, the improvement was only 6%. The 
greatest im provement observed (30% ) was in 
the 5th group of pigs where ES, rapidly chilled 
sides were compared with NES, conventionally
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pH
pH was measured in 1g samples of LD and SM  
removed from the carcasses at 20 min, 40 min, 
3h and 24h, and hom ogenised with 10ml 
iodoacetate solution.

F ib re  o p tic  p ro b e
The light scattering proportions of LD samples 
from all carcasses were measured at 24h post­
s laughter using a fibre optic probe ( F O P )  
(M acDougall, 1984).

D r ip
Sections of LD (2.5 x 5 x 5cm) and SM were

increase in drip with E S . T h e  re la t if  
tenderness of LD and SM samples are also liste 
in Table 3, and it can be seen that, in eac 
group, the ES LD had lower shear values 
N ES. The corresponding im provem ent ,rl 
tenderness was only slight in the SM sampleS, 
The FO P values w ere typical of normal P °r 
muscle, with no indication of either PSE or Dr 
conditions.

T ab le  4. Influence of ApH4o (NES-ES) on ADr'P 
(N E S -E S ) of LD muscle. S am p les  groUpe 
according to PH40 values.

assessed for drip loss at 48h post-slaughter by 
suspending them in plastic mesh inside polythene 
bags held at 1°C. The weight loss from the

APH40 n A D rip
(m ean)

SD

muscle sam ples was recorded over a further 0 .0 0 - 0 .0 5 2 2 0 .9 9 0.77
48h period. 0 .0 5 - 0 .1 5 2 3 1 .0 4 0.91

0 .1 5 - 0 .2 5 2 3 0 .7 7 0 .7  0
T e n d e r n e s s
At 3 days post-slaughter, blocks of LD and SM

0 .2 5 - 0 .4 5 1 0 0 .8 8 0.74

measuring (5 x 5 x 5cm) were vacuum packed, 
cooked in a w ater bath at 80°C  to a c e n tre  
tem perature of 72°C , and cooled overnight in 
cold running water. From each cooked muscle, 6 
blocks (2 x 1 x 1cm) were cut longitudinally in 
fibre direction and sheared by Volodkevitch  
jaws on a Stevens Compression Tester. Peak  
shear force was recorded to indicate relative  
toughness.

R E S U L T S

Rapid chilling reduced tem perature in the deep  
leg to 10°C  within 5 .8h  to 1 0 .8h post­
slaughter, and in the deep loin to 10°C within
2.1 to 3 .Oh, depending on c a rc a s s  s ize . 
Conventional chilling cooled the deep leg to 10°C  
in 11 h and the deep loin in under 5h. Table 2 
shows the changes in pH in the LD and SM during 
cooling for each of the 5 experim ental groups. 
The values at 20  min, m easured b e f o r e  
stimulation, show the general low level of pH in 
the pigs at this stage. The comparatively slight 
effect of ES can be seen in the mean pH values 
6.17 (ES) and 6.29 (N ES) at 40 min with SD  
ranging from 0 .12 to 0.30 and 3h for the LD. 
The effect was slightly greater in the SM  with 
6.24 (ES) and 6.54 (NES) with SD ranging from 
0.14  to 0 .29 ). Overall, the E S -in d u c e d  pH  
changes for the LD at 40 min and 3h were 0.12  
and 0 .30  respectively, and for the SM  were  
0.20 and 0 .40 respectively.

Table 3 lists mean data for drip loss within the 
5 experim ental groups and shows that, for the 
LD, the ES sides consistently had less drip than 
NES sides. The SM comparison shows a slight

The influence of the induced pH change at 40 ^ 
post-slaughter (APH40) on the difference in ° 
from ES and NES muscles (ADrip) from p'9s 4 
each ES/chilling treatment is seen in Table 
For about 27%  of the pigs there was little ° r  ̂
difference in pH with ES; only for about 12°^
pigs was APH40 more than 0 .25  units. Th'5 

5
table shows clearly that drip from ES sides %| 
significantly less than from NES sides. Over j 
treatments, the mean drip loss from the L0  ̂
ES sides was 1.78%  compared with 2.64% ^°gS 
NES sides. For the SM, the corresponding vaU 
were 1.73%  and 1.53% .

. 0f
T ab le  5. Influence of ph4o on the amoOO* j  
drip (48h) from LD muscle from NES and 
pigs.

SDPH40 n Drip
(m ean)

5 .5 0 - 6 .1 0 NES 1 8 3 .1 0
ES 2 7 2 .0 2

6 .1 1 - 6 .3 0 NES 1 3 3 .0 5
ES 3 3 1 .5 5

6 .3 1 - 6 .8 6 NES 4 6 2 .31
ES 1 9 1 .7 6

In Table 5 the mean drip values are 9 r° Û ¿jf 
according to 3 ranges of P H 40, regardle^5^
ES. It can be seen that, where NES and
samples are within same PH40 range, the 
consistently lower from the ES samples.

d r ip1
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'Hed sides. This dem onstrates the potential 
vantage of an ES, rapid chill treatment over 

° nventional chilling.

1*L
e improvement in tenderness contradicts the 

esults of Wiley (1986) who found less tender 
r* chops after ES and the workers who found

no
a9re,e'fect from ES. Our results do, however, 

e in this respect with those of Gigiel and

effe
shoi

¡m®8 (1984 ) who attributed the tenderisi ng
c' to possible avoidance of a degree of cold 
r,Qning from rapid chilling.

y ° uping samples into shear value ranges (Table 
shows that the two "tender” ranges contain 

^ samples and only 17 NES. By contrast, 
6 two "tough” ranges contain 30 ES samples 

j d 50 NES. There was no significant difference 
c, . shear values betw een conventionally  

ed sides and rapidly chilled sides, even 
te° u9h the rapid chilling reduced the LD to a 

^P erature  w here cold -shorten ing  w as a 
Ability.

study has demonstrated that high voltage 
tQ ’ aPplied 20 min after slaughter, improved 
§i[T6rness of the LD and, to a lesser extent, the 
^  °f rapidly chilled pig carcasses. This

^ntage was obtained without evidence of PSE  
¡n aracteristics in the form of pale muscle or 
h ^ 6ased dr'P 'oss- 'n ' ac'- m this study, ES 
r6 . ^ e  added advantage of consistently 

Uc'ng drip loss in the loin muscle.

T e r e n c e s

( f^ H -G a d e , P., Beierholm, C. and Borup, V.

'bf| 8 7):
®at'l6nCe d ''ferent chilling procedures on the 
CQ'n9 quality of pork chops. Proc. 33rd Int. 

n9- Food Sci. and Technology, 181, Helsinki.

J.R. and Fentz, V. (1978): 
ch l ig a t io n  of the effect of ES on biochemical 
of n9®s and the formation of drip in the muscles 

carcasses. Visiting Workers' Report No 8, 
at Research Institute, Langford, Bristol.

CithWel9e, D D" Terrell> R N - Dutson’ T R -
^ffe 1 G-C. and Carpenter, Z.L. (1984):
C *  ° '  ' 'me post-mortem of ES and post- 
p̂ l ern chilling method on pork quality and 

Ability traits. J. Food Sci. 49, 294.

Srbith el9e, D -D " Terrell, R .N ., Dutson, T .R ., 
f̂f6c ’ Q C. and Carpenter, Z.L. (1984):

0, a chilling method and ES on pork quality. 
n,rTl- Sci. 50,

Dransfield, E. and Lockyer, D.K. (1985): 
Cold-shortening toughness in excised pork M. 
longissimus dorsi. Meat Science, 13, 19.

Fischer, C., Honikel, K.O. and Hamm, R. (1980): 
Cold shorten ing  in the dark and light 
m u s c u la tu re  o f c a t t le  and  p ig s . 
Fleischwirtschaft, 60 (2), 263.

Gigiel, A.J. and James, S.J. (1984):
ES and u ltra-rapid  chilling of pork. M eat 
Science, 11, 1.

G igiel, A .J. Butler, F. and Hudson, W .E .: 
A lternative m ethods of pig chilling. M eat 
Science (in press).

Honikel, K.O. and Reagan, J.O. (1985):
Hot boning of pig carcasses : influence of 
chilling cond itions on m eat quality . In: 
Accelerated Processing of Meat (edit. A.Romita,
C.Valin and A.A. Taylor) p.97. Elsevier Applied 
Science. London

Honikel, K.O. and Reagan, J.O. (1986):
Influence of different chilling conditions on hot­
boned pork. J. Food Sci. 51, 766-768.

Honikel, K.O. (1986):
Influence of chilling on biochemical changes and 
quality of pork. Proc. HR. Symposium 'M eat 
Chilling', Bristol.

James, S.J. and Gigiel, A.J. and Hudson, W.R. 
(1 9 8 3 ) :
The ultra-rapid chilling of pork. M eat Science, 
9, 63 -78 .

Johnson, D.D ., Saveli, J .W ., W eatherspoon, L. 
and Smith, G.C. (1982):
Quality, palatability and weight loss of pork as 
affected by ES. Meat Science. 7, 43-50.

Macdougall, D.B. (1984):
M eat R esearch  Institute Light Probe for 
Stressed M eat Detection, Anal. Proc. 21, 494- 
5.

Marsh, B.B., Cassens, R.G., Kaufman, R.G. and 
Briskey, E.J. (1972):
A research  note H ot Boning and Pork 
Tenderness. J. Food Sci. 37, 179.

Miller, K.A., Reagan, J.O ., Cordray, J.C ., Abu- 
Bakar, A., Huffm an, D.L. and Jones, W .R . 
(1 9 8 7 ):
Comparison of hot processing systems for pork. 
J. Anim. Sci. 58,

1161



Möller, A.J. and Vestergaard, T  (1988):
Effect of temperature conditioning on toughness 
in hot boned pork loins with high or low initial 
pH. Proc. 34th Int. Cong. M eat Sci. and 
Technology, Brisbane.

Neel, S .W ., R eagan, J .O . and Mabry, J.W . 
(1 9 8 7 ):
Effects of rapid chilling and a c c e le r a t e d  
processing on the physical and sensory  
characteristics of fresh pork loins. J. Anim. 
Sci. 64, 765 -773 .

Reagan, J.O . (1983):
Optimal processing systems for hot-boned pork. 
Food Technology. 5, 79.

Reagan, J.O ., Carpenter, J.A. and Honikel, K.O.
(1 9 8 4 ) :
Rapid processing systems for pork. Proc. 30th 
Europ. Meeting Meat Res. Workers, Bristol.

Reagan, J.O. and Honikel K .O.(1985):
W eig h t loss and sensory  a ttrib u tes  o f  
tem p era tu re  cond itioned  and e le c t r ic a l ly  
stimulated hot processed pork. J. Food Sci. 50, 
1 5 6 8 .

Sm ith, G .C ., S ave li, J .W ., D utson, T .R ., 
Hostetler, R .L., Terrell, R .N ., M urphey, R.N. 
and Carpenter, Z.L. (1980):
Effects of ES on beef, pork, lamb and goat meat. 
Proc. 26th Europ. Meeting M eat Res. Workers, 
Colorado Springs, H-5, 19-22.

Stoler, S. (1986):
W arm  boning of pigs in relation to m e a t  
tenderness. Proc. 32nd Europ. Meeting M e a t  
Res. Workers, Ghent, 89-90.

Sw asdee, R .L., Terrell, R .N ., Dutson, T . R . ,  
Crenwelge, D.D. and Smith G.C. (1983): 
Processing properties of pork as affected by 
ES, post-slaughter chilling and muscle group. J. 
Food Sci. 48, 150.

Taylor, A.A. and Dant, S.J. (1971):
Influence of carcass cooling rate and drip loss in 
pig meat. J. Fd. Technol. 6,(2),131.

Wiley, E. (1986):
The effects of chilling and ES methods on hot- 
processed pork and the utilisation of ES and non- 
ES hot processed pork in cured meat products. 
Dissertation Abstracts International, B, 46(7) 
2174, order no. D A 8519683.

1162



i  effect of hot vs cold boning on 
Qu al ity of ret ail cuts prepared
PRIMALS FROM SKINNED PIG CARCAS-

E L.J.M. VAN LAACK and 
J.M. SMULDERS

/^rtment of the Science of Food of 
O r ig in  Faculty of Veterinary 

f>̂ 1cine, University of Utrecht, 
Cl 'Box 80175, 3508 TD Utrecht, The 

therlands

? N arihe 
cfobj

Y
effects 

ski-io1 °9ical
of hot boning on the mi- 

and sensory quality of 
Ho{nned Por  ̂ primals were evaluated.

boned primals, ch illed  for one 
Upy and cold boned primals were cut 
bJn to  reta il cuts which were vacuum 
lj0̂ 9 e d  and stored at 2±2°C. 
t0{ boning resulted in markedly less 
ineJV (rarcass weight loss, 0.9% higher 

Yields and a sim ilar sensory qua- 
bQt, .  as compared with cold boning. Hot 

11 ng^  '"y primals had 
c°lony counts, 

of Effect

flor

s ign if ic an t ly  high- 
However, th is  did 

the bacteriological quality 
cuts. I t  is  concluded that 

ing might be a good alternative 
cold boning provided that, by 

S  adhering to Good Manufactur­
ing ̂  ractices, one achieves levels of 
^^°b ia l decontamination that are 
sidD below the levels generally con­

ned to be safe.

¡¡{Eduction
boning of pork has trad it iona lly  

%  Practiced in (Eastern) Europe in 
fy^brocessing of meat products. How- 
Ci^l’ hot boning may also be benefi­
t s  ^°r the production of fresh pork 
^88\an’ 1983; Smulders & Van Laack, 
sCie' ; . Maj°r advantages claimed by the 
W . ^ i f i c  lite rature  are less re fr ig -  

costs (Henrickson, 1982; Cut- 
h c^ 0n» 1980), higher turnover (Hen-

1982), better water-binding 
t h i L  n9 i n lesser drip formation 
^eci  ̂ & Reagan, 1987; Woltersdorf & 

r* 1987). Amongst others, ef- 
hot boning on meat quality 

a^ r ibu ted  to a faster ch i l l in g  
hot boned primals as compared 

^ in i - e meat on the carcass (Daudin & 
Dig J 1» 1987; James, 1987). Modern

aPghter technology re l ie s  on the

scalding and singeing of the animal. 
The thermal stress, that resu lts from 
these dehairing procedures may have a 
negative influence on meat quality 
(Takaès & Biro, 1988). Furthermore, 
scalding water may increase the micro­
bial contamination of the carcass and 
thus result in a shorter storage l i f e  
of the pig meat (Schaeffer-Seidler et
al., 1984; Jones et a l.,  1984).
It  has been suggested (Takads & Biro, 
1985; Troeger & Woltersdorf, 1987) 
that skinning of pig carcasses might 
contribute to the production of meat 
with a very low bacterial load, Also, 
Troeger and Woltersdorf (1987) report­
ed that meat from skinned pig carcas­
ses had a better sensory quality than 
meat from carcasses that had been 
scalded.

The purpose of th is  study was to eval­
uate i f  the meat quality of skinned 
pig carcasses from the Dutch commer­
cial supply, might be further improved 
by hot deboning. In addition, the bac­
terio log ical condition of the hot bon­
ed primal- and retail cuts was moni­
tored.

MATERIALS AND METHODS 
In a p ilo t  plant 8 large White/Dutch 
Landrace cross-bred pigs were slaught­
ered and skinned with a vertical drum 
skinner. All righthandside primals 
were excised within 1 h post mortem. 
Cold boning of the le ft  handside prim­
als was conducted after overnight sto­
rage at 1±1°C. After every two carcass 
sides cutting tables were cleaned, 
disinfected and dried. Hot boned prim­
als were wrapped in a 02-permeable film 
for one day to avoid rapid desicca­
tion. Cold boned primals (immediately 
after deboning) and hot boned primals 
(after 1 day of c h i l l in g )  were cut up 
into retail cuts which were vacuum 
packaged in a film with low 02-per- 
meability (<30 ml 02/m2/24 h at 1 atm 
at 25°C). After 7 days of storage at 
2±2°C the meat was unpacked and the 
sensory quality t ra i t s  assessed ac­
cording to the procedures described by 
Smulders (1986).
The shoulder (M. triceps brachii) and 
belly were sampled for purposes of 
bacteriological monitoring, relying on 
the method described by Van Laack and 
Smulders (1988). At day 0 and 1 p r i -
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mals were sampled on the outer su r­
face. At day 7 reta il cuts were sampl­
ed on the cut surface.
Unless indicated otherwise, compari­
sons between hot and cold boning were 
made between muscles within a carcass. 
S ta t is t ica l  s ignificance of d ifferen­
ces was tested by Student t-te st  
(p<0.05; pair-wise were appropiate).

RESULTS AND DISCUSSION

Table 1 Carcass y ie ld  of hot boned 
righthandsides and cold boned le ft -  
handsides of skinned pig carcasses as 
assessed by weighing immediately be­
fore and after boning (expressed as %)

Hot boned Cold boned

Meat y ie ld 63.5a 62.3b

Fat y ie ld 14.6 14.3

Bone y ie ld 10.8 10.4

Total weight loss 0 .25a 1.81b

*  means with different superscripts 
d if fe r  s ign if ic a n t ly  (p<0.05).

In Table 1 the y ie ld s  of hot vs cold 
boned carcass sides are presented. The 
total weight lo ss  after hot boning was 
s ign if ic a n t ly  lower than after cold 
boning (p<0.05). We attribute th is  
difference mainly to the increased 
meat y ie ld  which was 1.2% higher after 
hot than after cold boning.
It  was very d i f f ic u l t  to prepare re­
ta i l  cuts from hot boned primais when 
these were s t i l l  warm. The resulting 
cut d istort ion  was unacceptable. 
Therefore the hot boned meat was 
ch illed  for one additional day before 
cutting was started. This extended 
c h i l l in g  period was expected to reduce 
the economic benefits of hot boning 
because of moisture loss through eva­
poration and drip. Yet, as can be seen 
from Table 2, the maximal d rip - lo ss  
during the day storage was only 0.25%. 
Hence, the total difference in meat 
y ie ld  was 0.9% in favour of hot bon­
ing.
We anticipated that hot boning would 
lead to faster ch i l l in g  rates,and 
therefore to minimal rates of protein 
dénaturation (Penny, 1977; Tarrant,

Table 2 Drip losses of hot boned 
mals during 1 day of storage at l * 1 
(n=8 except where indicated) (%)

Ham
Shoulder
Loin
Tenderloin 
Bel ly

0 .16±0.06 
0.22±0.09 (n=7) 
0.22±0.05 
0.25±0.13 (n=7) 
0 .17±0.03

1977; Taylor et a l ., 1980-1981)- 7 
latter would lead to an increased * 
terholding capacity and thus to 'e 
drip formation. However, in the Pre t 
ent experiment the differences bet  ̂
hot and cold boning were very smal1

Table 3 Drip losses of retail ü ^ 
from hot and cold boned primais vac 
packaged after 7 days of storage vcj

Hot boned Cold bofie
Ham
(M. semi­
membranosus)

5.9 6-1

Loin
(M. longissimus)

3.7 4.4

Shoulder 
(M. triceps 
brachi i )

3.7b 2.«'

Belly 2.2 l - 7

*  means with d ifferent superscript 
d if fe r  s ign if ic a n t ly  (p<0.05).

and lo ins lo st  less weight than y 
boned counterparts; cuts from sil°af)(j 
ders and be ll ie s  on the other rl ar 
lo st  more weight after hot than 
cold boning. The absence of sig^.^i) 
cant differences is  probably exp'3̂  
by the excellent quality of the 
boned meat. At 80 min post mortem1 .. 
lo in  pH was 6.55 at a muscle teflP .„¡j 
ture of 30°C. Thus the waterho1 ^ 
potential of the cold boned me3“ ^  
very high to start with so that,  ̂
boning could add l i t t l e  more. A l ^ . ^  
pH-fal 1 was re la t ive ly  slow, sk inc0|(J 
and hot boning did not induce 
shortening. Sarcomere lengths ° '^ i / 
and cold boned lo in  samples were s 
la r  (Table 4). Shear forces °T
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koned lo in s  were s l ig h t ly ,  but in s ig -  
^ f ican t ly ,  lower than those of the 
c°ld boned ones (Table 4).

Jable 4 Sarcomere length and shear 
?rce of hot and cold boned longis- 

^1r>ius dorsi cuts after 7 days of vacu- 
Uni storage at 1±1°C (n=8)

Hot boned Cold boned

^ear force 4.20 4.65
'kg cm'2)

(wn)Omere len9th 1-75 1.74

Frr°m the point of view of y ie ld  and 
e^ory meat quality, hot boning of 

panned pig carcasses seems to be 
6asible. Before such novel slaughter 

^  processing techniques are intro- 
eu£ed widely, i t  is  imperative to 
stablish i f  hygienic drawbacks might 
^nsue.
Q̂ le s  5a and 5b include the results 
u the bacteriological examination of 

s hot and cold boned meat. Hot boned 
ny1nial s ^ac* s ign if ic an t ly  higher colo-
k . counts than cold boned primais. 
*nHS may be doe to the sticky surface 
n,J 1 the higher temperature of the hot 
i at which could have led to higher 
a 1 t ia l leve ls of contamination (Smul- 
u ),'s & Eikelenboom, 

was a
u-5 log/cm2) in colony counts during

5a Microbiological condition 
r^g/cm2) of hot and cold boned primais 

eÜ y  (B) and shoulder (S) (day 1)]

1987). Furthermore 
considerable increase

Primals

Hot boned Cold boned

^ b;cc o l l i e
°ny count

b S : ic acid
e r ia

B
b*

3.92° 3 .133
S 3.44b 2.56a

B 2.45b l.ssl
S 2.36b 1.86a

B 3.22b 2.58a
S 3 .18b 2.48a

diïeans with different superscripts 
6r s ign if ic a n t ly  (p<0.05).

Table 5b Microbiological condition 
(log/cm2) of hot and cold boned retail 
cuts [belly (B) and shoulder (S) 
(day 7)]

Retail cuts

Hot boned Cold boned

Aerobic B 3.20 2.99
mesophilic 
colony count

S 2.35 2.14

Enterobacte- B 2.18 2.17
teriaceae S 1.63 1.50

Lactic acid B 2.58 3008
bacteria S 3.09 2.93

*  means with different superscripts 
d if fe r  s ign if ic an t ly  (p<0.05).

one day of storage. Probably the c i r ­
cumstances for microbial growth would 
have been smaller, had the hot boned 
meat been vacuum packaged immediately 
after excision (Apple & Terlizz i,
1983). Clearly, vacuum packaging with 
the purpose of storage for only one 
day is  far too expensive in meat in ­
dustry practice and would reduce the 
economic benefits of hot boning con­
siderably.
The contamination of both hot and cold 
boned meat was well below the levels 
generally considered acceptable for 
conventionally produced pork (Salm et 
a l ., 1978). The experimental procedure 
followed does not allow for deciding 
whether these levels were the result 
of skinning or of the intensified 
cleaning and d is in fection  procedure. 
Colony counts on reta il cuts from hot 
and cold boned primais were similar. 
Differences existing on primais did 
not affect the quality of the retail 
cuts s ign if ican t ly .  This i s  in agree­
ment with the findings of Greer et a l .
(1983) who showed that hygiene during 
retail cutting was far more important 
than the in i t ia l  contamination of p r i ­
mais to be cut.

CONCLUSION
Hot boning of skinned pig carcass f o l ­
lowed by reta il cutting after one day 
of refrigerated storage, resu lts in 
markedly le ss  weight lo ss  and sim ilar 
sensory meat quality as cold boning. 
Microbiological monitoring indicates
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that hot boned meat might represent a 
greater r isk .  By s t r ic t  adherence to 
Good Manufacturing Practices one might 
s t i l l  achieve contamination levels 
that are well below the levels gene­
r a l ly  considered to be safe.

Effic ient systems for rapid cooling  ̂
carcasses and hot-boned meat’ 
Pp. 49-56. In: A. Romita, C. Valin and 
A.A. Taylor (Eds). Accelerated Pr°' 
cessing of meat. Elsevier Appl. $c1' 
Publ., London.
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INTRODUCTION
Several meat quality characteristics 
observable in the processing plant and 
supermarket, or measurable in the 
laboratory are known to be closely 
related to the consumers' appreciation 
of meats. Among these the colour of 
meat is  of primary importance for the 
re ta ile r  as i t  large ly determines the 
consumers' inc lination  to buy one pro­
duct or brand rather than the other 
(Hood and Riordan, 1973). The colour 
of meat depends on a number of in ­
dependent variables important in mar­
keting, e.g., animal age, pre- and 
post-slaughter handling and the d i s ­
play environment (McDougall, 1977). 
A ll of these interfere heavily with 
the pure physics of colour observation 
by ind iv iduals or colour-analysing in ­
struments. Therefore, novel ways of 
processing carcasses into meats need 
to be evaluated carefu lly  as to their 
impact on meat colour.
The colour of meat primarily depends 
on the concentration of the pigment 
myoglobin which can exist in three 
forms: the purple (reduced) myoglobin 
(Mb), the cherry-red (oxygenated) oxy- 
myoglobin (MbO) and the greyish-brown 
(oxidized) metmyoglobin (MMb). These 
three forms are constantly being in- 
terconverted. When the surface of meat 
is  exposed to a ir, oxygen w ill pene­
trate into the in terior, the oxygen 
d iffusion  being deeper the longer the 
meat is  exposed. Below the layer of 
MbO, a thin Mb layer ex ists  where the 
partial pressure of oxygen is  too low 
for oxygenation to occur. Beyond that 
a thin layer of Mb is  oxidized to MMb, 
which w ill gradually sh if t  from inte­
r io r  to surface, thus causing the so- 
called 'fa d in g ' of meat (Seideman et 
a l ., 1984). Several factors determine

procedur^

and 
the 
the
et 

a

the accumulation of MMb on the meat 
surface and hence the s ta b i l i t y  °' 
meat colour, e.g. rates of oxygen-di'" 
fusion (Brooks, 1938) and -consumptiolJ 
(Atkinson and Follett, 1973), (auto) 
oxidation (Lawrie, 1979) and the efl' 
zymatic reduction of MMb (Hood, 198°’ 
Ledward, 1985; Renerre and Labas» 
1987). Extr insic  factors such as 
decline and temperature, water-holdi^ 
capacity and muscle structure a ff^  
how colour is  perceived (McDougal1’ 
1977).
Several meat processing 
markedly influence both in t r in s ic  
extr in s ic  colour determinants, 
major ones are meat comminution 
sa lt ing, the former one destroying 
reducing system and thus promoting 
rapid formation of MMb (Ledward 
a l ., 1977), the la tte r  one exerting 
strong pro-oxidant effect (Huffmar1’ 
1980). + ,5
Many of the afore-mentioned facto1 
that determine colour s ta b i l i t y  a f 
affected by accelerated processing 0 
meats. F ir s t ly ,  e lectrica l stimulate 
w ill induce a rapid early post-mo^ 
pH decline, secondly hot boning 3. 
celerates the c h i l l in g  rate, and j 
na lly  pre-rigor comminution and sal 
ing largely determine the chemlCj 
form of Mb, rate of ATP breakdown a 
g lyco ly s is  and thus the water-hold1 
capacity and l igh t  reflectance char3 
te r is t ic s .  ^
In earlie r  studies we investigated * 
influence of e lectrica l stimulat1 
and hot boning on the colour (stab i1 , 
ty) of intact bovine longissimus 3 
psoas major muscle (Van Laack et a''j 
1989; Van Laack and Smulders, l98y f, 
and ground beef of a re la t ive ly  ^  
fat content (Van Laack and Smuldef ’ 
1989b). The purpose of the p^eser  

to assess the impact of 
processing on the col j 

of a comminuted, pre-sal f, 
from beef from 

been trimmed °'

study was 
celerated 
s ta b i l i t y  of a 
product prepared 
all v is ib le  fat had

MATERIALS AND METHODS 
Eight Friesian Holstein
3-5 years old, were stimulated

co*5’

t r ic a l ly  (85 V, 14 Hz, 30 s) iy
5 min post mortem. At approxim3*^, 
1 h post mortem the sternomandibular 5- arc3’muscles of randomly selected c 
sides were hot boned, cut UP

if
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^Unks, ground through a 3 mm plate, 
n1Xed with a hamburger-mix (Verstegen, 
Rotterdam, The Netherlands) resulting 
lD a sa lt  concentration of 1 .8%, and 
Jended in a Hobart blendor for 3 min. 

a mould, hamburgers (1.5 cm 
8 cm diameter) were hand-press- 

J and frozen at -40°C and f in a l ly  
»tored at -20°C in card-board boxes. 
^  identical procedure was followed 
•0r cold-processing of hamburgers, 
l1®- after the remaining carcass side 

been ch illed  at -1 to -4°C, a ir  
90 0? i t y  3 m/s, during the f i r s t  
q min, whereafter the carcass was 

fl °red at 1±1°C, a ir  ve locity 0.5 m/s 
f e  24 h.
^afore freezing hamburgers were sampl- 
a for microstructural study using the 

ogy described by Koolmees etJ®thodol
S i- (1989).

xfeen hamburgers per treatment group
I? samples 
fJawed and

r 2 days
f!^ed for
l ^ Uous .°0-4nn Lux

per carcass-side) were 
allowed to bloom at 2±2°C 
whereafter they were d is- 
7 days at 1+1°C under con- 
i l lum ina t ion  with a 

0 -'400 Lux lamp (Ph il ip s  TLC95). At 
b* 2, 4 and 7 days of d isplay L*, a*, 

values and spectrum (400-700 nm) 
0fre analysed instrumentally by means 

a Hunter Labscan SN12244; 10°
t^andard Observer, D65 i l l  uninant, 

opening, calibrated with blackand
■'ey white t i le s .  Significance of 

- _ tested with the
r^ t - t - te s t  (paired 
Hr°Priate).

were
where

di f- 
Stu- 
ap-

^ SlJLTS
Hunter CIE-Lab

__  __ _____ processed ham-
.9ers during one week of display at

AND DISCUSSION 
va?Ure 1 includes the 
b^qes °f and cold

}p c .
^°^9h°ut the storage period L*, a* 
inq 0* values were higher in hot than 
dif£°ld processed beef burgers, which 
in ences were s ign if icant  (pc.05) 
ây ft instances but two (a* values at 

and 2). The higher values for 
arel ®r *-*> denoting a brighter colour, 
On 1n agreement with ea r lie r  findings 
Siyi,nPre-rigo r ground (Van Laack and 
R0on r s ’ l 989*3) anc* flaked beef (Van 
by ~ et a l.,  unpublished resu lts cited 
Hot Riders et al •» 1987)- 
c)e b°ned , intact beef and pork mus- 

almost invariably exhibit a 
er' colour than cold boned muscle

—  Display period Cdays)— -

Fig. 1 Hunter CIE-Lab values of hot- 
(•) vs cold- (0) processed hamburgers 
during 1 week of d isp lay at 1±1°C

after one week of refrigerated vacuum 
storage (Smulders et a l ., 1988). This 
has been attributed to the superior 
waterholding properties of pre-rigor 
excised meat which might reduce l igh t  
reflectance and, to a lesser degree, 
to protein denaturation caused by fa s ­
ter ch i l l in g  (Taylor et a l ., 1980- 
1981). That the situation is  reversed 
in comminuted beef with a re la t ive ly  
high percentage of fat was suggested 
to be the result of pre-rigor ground 
beef having soft warm fat which is 
dispersed through the product as small 
droplets; in cold processed beef bur­
gers the so lid  fat had a more granular 
appearance (Van Laack and Smulders, 
1989b). In the present experiment we 
carefully trimmed off all v is ib le  fat 
from the muscles to achieve a low fat 
content. Fat content of the blend was 
12% (assessed through extraction) in 
both hot and cold processed burgers. 
We hoped that with such a low fat per
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Fig. 2 Reflectance spectra of hot- 
(•) vs cold- (o) processed hamburgers 
during 1 week of d isp lay at 1±1°C

centage structuraldifferences would 
interfere le ss  seriously  with l igh t  
reflectance. Yet, light-microscopical 
examination c learly  indicated that the 
fat in hot, as opposed to cold pro­
cessed burgers had coalesced in fat 
channels, f ine ly  dispersed through the 
product. This has l ik e ly  altered the 
smoothness of the surface and thus 
increased the l ig h t  scatter in hot 
processed burgers as also observed by 
Aby-Bakar et a l . (1988). Other inves­
tigators (e.g. Jacobs and Sebranek, 
1980; Seman et a l ., 1986) found that 
hot processed ground beef had a darker 
appearance. One would expect to ob­
serve th is  since hot processed burgers 
have superior waterholding properties 
(Van Laack & Smulders, 1989b). It  
should be realized, however, that, as 
opposed to the afore-mentioned Ameri­
can studies, the hamburgers in our 
study were composed of one single 
ground muscle. I t  is  possible that 
between-muscle differences account for

---- Display period (days)— «-

j f
Fig. 3 Hue and chroma values, anu  ̂
Reflectance (A630-580 nm: MbO; and 
630-525 nm: 'MMb') of hot- (•) 
cold- (o) processed hamburgers

t h®
discrepancies in resu lts  since 1 , 
degree of post mortem protein denay 
ration d if fe rs  considerably betwe 
muscles, depending on pH and tempey 
ture decline and thus on c h i ^ y  
rates. In our study we used sternomy 
d ibu la ris  muscle which, on account,^ 
i t s  position in the carcass, w1aS 
ch il l  very fast after hot boning 
well as on the cold-to-bone carcay 
The MMb reducing a c t iv ity  may they 
fore have been quite s im ila r for 
processing methods (McDougall and  ̂
len, 1986). ..
Figure 2 i s  a three-dimensional repy 
sentation of the l ig h t  reflectance ^ 
hot vs. cold processed beef burgees 
d ifferent wave lengths, as i t  chan9 
during one week of refrigerated d y  
play. I f  the observed difference 
colour of hot vs. cold processed h y  
burgers would simply be a matter ^ 
altered structure one would expect y  
reflectance spectra for both tyPeS
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Products to run more or less paralle l. 
be fact that the curves diverge, con- 
er9e and even cross at particular 

"3ve lengths seems to indicate that 
t .e re lative  proportions and/or loca- 
i°n of MbO, Mb and MMb may have been 
^fected by the method of processing, 

w an ea r lie r  study (Van Laack et al., 
987) i t  was substantiated that the 

^Vgen consumption i s  higher in pre- 
than in post-rigor meat. This 

■ ^9ht lead to a thinner surface layer 
* MbO. In addition, the lower partial 

j^essure of oxygen in pre-rigor beef, 
^ o u gh  increasing the redox poten- 

> w ill increase the reducing capa- 
in the hot processed hamburgers.

MMkS wi^  ^eac* to a tbinner layer of 
and a re la t ive ly  thick surface 

ayer 0f Mb (George and Stratmann, 
^ 2). I t  is  tempting to speculate 

at the relative  contribution of Mb 
j.. the total reflectance accounts for 
i 6 higher reflectance values observed 

. hot processed hamburgers as, 
ti r ^ct l y for the purpose of i l lu s t ra -  
kQ?n of th is  argument, is  visualized 
e l ow.

Drooessed 
(HP)

Cold processed 
(CP)

roe ’"oflectcince spectra of muscle pig- 
41 are well-documented (Kropf et
f|6’ 1976; Hunt, 1980). The total re ­
ac tance  of meat and meat products 
t ^ n9 a composite (not simply a somma- 
pj n1) of the reflectances of the pure 
^yirtents, might also explain why only 
l0w nm the total reflectance is

for hot- than for cold processed 
t ^ ? Ur9ers, for it  is  well possible 
the th is  particu lar wave length 
is Contribution of, for instance, MMb 

ess important than that of Mb or
c .
the lco la rly  at wave lengths >600 nm 
hait], ’"eflectances of the hot processed 
ĥosUr^ers decrease more rapidly than 

the the co^c* Processed ones (note 
^irieĈ ^ erence in convergence of the 

s connecting the reflectance va­

lues at d ifferent storage times on the 
one hand and the reference lines pa­
ra lle l  to the time-axis on the other). 
This observation indicates that, in 
contrast with intact muscle (Van Laack 
et a l ., 1989; Van Laack and Smulders, 
1989a) the colour s ta b i l i t y  of hot 
boned, comminuted beef is  less stable 
than that of cold boned comminuted 
beef. A further substantiation for 
th is  is  found in the observation that 
the values for chroma [C*, generally 
considered a useful parameter to des­
cribe colour changes in more descrip­
tive terms (McDougall, 1977)] decrease 
more rapidly in hot than in cold pro­
cessed hamburgers (see Figure 3).
In spite of these contrasts i t  should 
be recognized, however, that all pro­
ducts, irrespective of way of process­
ing, were very attractive in colour as 
is  reflected by C* values (ca. 27 and 
higher throughout storage) approximat­
ing the reference values generally 
associated with an attractive, bright- 
ly-red, colour (McDougall and Allen,
1986). The fact that d isp lay condi­
tions ( s t r ic t  storage at 1±1°C) were 
almost ideal to preserve co lour-stab i­
l i t y  has undoubtedly contributed to 
th is.
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INTRODUCTION
We have previously observed a 
considerable variability in tender­
ness of young bull longissimus dorsi 
(LD) under very moderate cooling 
conditions (Buts et al., 1984,
1986a).
An important part of this variability 
could be explained by differences in 
Troponin-T and 30 KDa concentrations 
determined after separation of the 
myofibrillar proteins on SDS-Page 
(Buts et al., 1986b) indicating 
differences in extent of post-mortal 
proteolysis as a main cause of 
tenderness variability.
Maintaining a high temperature early 
post mortem may result in improved 
tenderness (e.g. Lochner et al., 
1980; Marsh et al, 1981, 1983; Petäjä 
et al., 1985) probably by enhancement 
of activity of proteolytic enzymes. 
On the other hand Tornberg and 
Larsson (1986) found it is more 
beneficial to allow meat to go into 
rigor at 15°C than at 37°C, because 
the effect of slow rigor development 
and minimal contraction at 15°C is 
more important for tenderness of aged 
beef than the hypothetical effect of 
increased release of proteolytic 
enzymes at 37°C.
From this it is clear that temperatu­
re during onset of rigor may influen­
ce meat tenderness apart from 
prevention of cold-shortening as it 
may determine both rate of shortening 
at rigor and of post mortal proteoly­
sis.
In two experiments temperature 
during the onset of rigor was varied

in different ways in order to studV 
the relation between tenderness and 
temperature during this important 
period.

MATERIALS AND METHODS 
Animals and treatment of carcassesjl 
All animals used are from th6 
progeny testing station RSC (B-925® 
Scheldewindeke, Belgium). In th6
first experiment 10 
bulls (mean values + 
for live weight: 
dressing-'/.: 59.4 ±

id
standard erroi" 

fid 
were

one-year

461 + 25 kg a'
1.4

slaughtered in the slaughterhouse 0f
our laboratory after captive 
stunning and pithing. Carca«5 
halves were transferred to a cooli^ 
room at 4 °C, 0.5 m/sec, one hQ0r
p.m. Cooling of right carca$$ 
halves was interrupted by moving 
them to a room at 13"C, 0 m/s^
after 3 to 6 h post mortem (p-̂  
until 12 h p.m. when they are plaC'ed

inback with the control halves, 
the second experiment two groups 0 
animals of 10 and 8 an imal® 
respectively, (mean values + star
dard error for live weight: 466 t+ *5
and 477 + 34 kg
57.3 + 2.1 and
respectively) were 
different days (one in

and dressing'
58.8 2.1

■P

cfslaughtered ^
december

one in april). Control carca
halves (left and right alternatif 
were cooled at 4°C, 1 m/sec whi ie

the*1the other halves were cooled 
13°C, 0.5 m/sec until 8 h p.m. 
cooling-room temperature was 
t0 4°C ‘Temperature was measured 7.5 cm Q ^ 
in the centre of the Longissif, 
dorsi (8tln thoracic rib) eitf, 
with a portable temperature 
(Technotherm 9503, Instrulf^ 
Brussels, Belgium) or with Pt 1 
thermocouples (1/3 Din, DegO^5 
Brussels, Belgium) connected
Honeywell recorder outside

to *

&cooling room. pH was measured 
an Ingold combination elects  ̂
(Weilheim, BRD) attached ^ ° $$
digital pH meter (Knick Portaf^ 
651, Knick, Berlin, BRD) at regu 
intervals post mortem.
In both experiments the LD  ̂
thoracic rib) was removed  ̂
24 h p.m. and after trimming
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"at5 samples were vacuum packed in 
d°lyamide laminated polyethylene 
^Sidamyl-X, typ EAK 41, Sidac, Ghent, 
elgium) and further conditioned at 
u until 8 days p.m. Then samples 

frozen and further preserved at 
18°C for 2 to 6 weeks (exp* 1) or 2 

Q 3 months (exp* 2). After removal 
npm the deep-freezer cuts were 
hawed in a standardized way (1 day 
at 4°c refrigerator and y‘h h waterbath 
at 20°C).

^-terminations :
ter removal of the cuts from the 

ap^um bag, drip loss was determined 
^ ^ subsample of about 50 g

. Vering the whole cutting surface of 
e sample was removedOf

subi the myofibrillar
for isolation 
proteins and

-»Sequent separation on Polyacryla- 
1:16 gels and determinationŜrr of

c cQfTiere length (SL). Remaining 
ts were then heated in open plastic 

r 32 by
^terbath
Q^ed under running tap water (ca 10

immersion 
at 75°C

(1 hour) in a 
and subseguently

bin,llJtes) and cooking loss determined.
20

diam
to 30 cork bore samples 

^  . 1.27 cm) were taken parallel
16 ^;''bre direction. In exp* 1,
§y SarT1P^es were used for tenderness 
^ a*ustion by an eight member trained 
s ste Panel and the remaining 
bpies -for the determination of the 
arher Bratzler Shear force (WBS)

e in exp* 2 all bore samples were
for determination of WBS.

was measured 
before and

by the weight 
after vacuum 
with a cloth 
expressed as

S iS p
tafference^ fking (sample wiped 
pet_Qre weighing) and 
5^ Centage of initial weight. 
fr comere length was measured on 
ipeshl subsamples of about 10 g fixed 
^  2.5"/. glutaraldehyd using laser
%  Tracti°n as described by Van- 
va,̂ r êssche et al. (1984). Average 
aifdes of measurements of 

ê»~ent fibres were obtainded
80

% ^ibriiiar proteins were isolated 
rding to the procedure of Parrish 

(1973) and isolated myofibri­
ls Were dissolved overnight (room 
^  «Mature, magnetic stirring) in 

d^zole buffer (0.01 M, pH 7.0)

containig 27. SDS and 27. 2—mercap- 
toethanol. Further preparation of 
the isolated myofibrils and subse— 
guent electrophoresis was performed 
as described in Buts et al. (1986b) 
and Claeys et al. (1989)
After electrophoresis, gels (8 and
4.6 7. total acrylamide concentrati­
on, 3.1 '/. crosslinking) were stained 
with Coomassie Brillant blue and 
after destaining scanned using a 
Beckmann model R-112 densitometer. 
Peak areas were determined and
protein concentrations (expressed as 
BSA eguivalents) calculated.
Cooking loss was determined by 
weight difference before and after 
heating and expressed as percentage 
of weigth before cooking. 
Warner-Bratzler peak Shear force was 
determined with a WB-shear mounted 
on an Instron 1140 Food tester 
(Instron Ltd., High Wycombe) 
perpendicular to the fibre direc­
tion
Taste panel tenderness rating (exp* 
1 only) were obtained using a scale 
with 8 subdivisions (1 = very
tender, ..., 8= very though) as
described by Demeyer et al. (1983). 
The ratings of eight members were 
averaged.
RESULTS
In table 1 temperature and pH 
results are shown. For rate of 
cooling regressions following
Y = a + b ( l - e _ =*) (y = muscle 
temperature °C and t = time post­
mortem) were calculated. In this 
model a is the begin temperature at 
time 0 (theoretical, because the lag 
time for the installation of the 
temperature gradient is not taken 
into acount), b the difference 
between muscle and cooling room 
temperature at zero time and c the 
rate constant of cooling. The
cooling rate at each time post 
mortem (within the exponential phase 
of cooling) can be calculated as 
follows: dY/dt = be e~=* (°C/h). 
Decimal reduction time (time to 
accomplish 907. of cooling) can be 
calcultated as td K  = In (0.1)/-c, 
analogous to the prodedure described 
by Moerman (1973). Decimal
reduction time is also expressed on
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exp* 1 exp* 2
group 1 group 2

contr. treatm. contr. treatm. contr. treatm,
(n=10) (n=10) (n=8)

Table 1; Mean values for temperature, coaling rate characteristics and pH,

Temperature:
1 h 39.0 38.6 32.0 38.9 39.8 39.9

2£ h 33.3 32.9 32.7 33.2 33.6 34.5
4 h 27.1 26.3 25.9 27.6* 27.2 29.5*
6 h 21.3 21.1 19.1 22.6* 21.7 25.4*
8 h 17.2 18.5* 14.6 20.1* 17.4 22.0*
10 h 
24 h

12.3
6.1

15.2*
6.4 4.9 9.2* 5.5 9.4*

c1
td„=*

0.146
15.8 __________

0.164
14.1

0.145*
16.1*

0.144
16.3

0.117*
19.9*

to-c/kg1 0.116 0.106 0.121* 0.116 0.142*
tio° 14.7 17.4* 11.8 21.1* 13.7 22.0*

pH:
1 h 6.80 6.82 6.97 6.98 6.79 6.76

2'£ h 6.42 6.52 6.48 6.44 6.24 6.05
4 h 6.23 6.16 6.12 6.10 5.87 5.72
6 h 6.12 6.14 5.90 5.85 5.68 5.59*
10 h 
24 h

5.57 5.68*
5.60 5.61 5.67 5.64*

—

level of significance: * at least P<0.05 (paired t-test)
i: c = rate constant of cooling (1/h); td.<= :decimal reduction time (h);

td»<=/kg: decimal reduction time on carcass halve weight (h/kg).
= : time to reach 10 °C (h)

Table 2 : Mean values for meat quality characteristics and protein fragmentati^

exp* 1 exp* 2
group 1 group 2

contr.
(n=

treat.
TO)

contr.
(n=

treat.
TO)

contr. treat. 
(n=8)

Drip-loss C/.)1 9.9 9.9 6.6 7.5 9.6 9.8
Cook.-loss (7.)1 26.3 27.4 25.2 25.8 24.7 25.5
SL (pm) 1.87 1.83 1.87 1.89 1.99 1.98
WBS (N) 41.8 44.5 37.7- 33.2b 29.1 30.8
TP score 3.8 3.8 — — — —

Myofibrillar proteins3 :
Titin 15.1 15.7 26.6 25.9 27.2 27.4
Troponin-T 7.6 7.1 3.8- 1.4*= 1.0 1.5
30 kDa 10.3 11.1 10.9 12.6 15.4 16.1
*: For experiment 1, n=7.
2! concentration in pg BSA—equival. / mg myofibrillar protein 
~’to: values with different superscript are significantly different (p<0.05> 

paired t-test) within experiments.
___5 significantly different between experiments (p<0.05; t-test)
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~arcass half weight to correct for 
ernperature differences due to 
ifferences in muscle weight. The 
J^el could not be applied in exp* 1 
®Cause, due to the interruption of 
Qrced cooling, no exponential 
^ernperature decline was obtained. 
rom table 1 its clear that in 
e*Periment 1 the withdrawal of 
°̂C)ling resulted in higher muscle 
ehperatures for treated halves 
Uring a period of time from 8 hour 

on, but this temperature 
Ifference has disappeared 24 h p.m. 
n experiment 2 the difference in 
00ling conditions resulted in higher 
^le temperatures in the treated 
41ves from 4 h p.m. on, a difference 
/Tat persisted up to 24 h p.m. All 
 ̂hperatures observed in group 1 
Slaughtered in december) are lower
^ Q Up the corresponding values in 
P -t- 2 (slaughtered in april).
^thermore faster rates of post- 

glycolysis (pH) were observed 
t °bp 2 as compared to group 1.
r _i_i -... .^  table 2 it is clear that Mean
^ rner Bratzler Shear force (WBS) was 

 ̂influenced by the treatment in 
Q ^irst experiment. For the first 

of the second experiment mean 
53 was lowered and protein fragmen- 

pr Tion increased by the treatment, 
i r the second group both control and 
•p|~eated halves 
■*"s was reflected

were very tender. 
1̂. — »m s  reneccea in low Tn-T and 
Y^h 30 «Da concentrations for both. 
ŵ in contents were not different 
k tin experiments but very different 

Ween expt 1 an experiment 2.
^SCUSE
SsUlts from exp*
ni0up D5?

for influence 
and that the

on tender- 
action of

fW T 3SI0N 1 and exp* 2
a suggest that a longer
'riod of temperature difference in 

h early post mortal period is

tg ^ ^ t u r e  on tenderness is related 
^ h a n g e s  in proteolytic activity.

second group of experiment 2 
s®ems that both control and

l̂'icn̂ eC* halves were cooled slow
iw ^  resulting in optimal tender—  
^  both but there is probably
fiQ the effect of higher rate of 

n'°rtal glycolysis. The condi- 
s for this group correspond

remarkably well with those for which 
Marsh et al (1787) found the highest 
tenderness level (pH 3 h p.m ca 6 
and corresponding temperature ca 
27°C).
Sarcomere length as a measure of 
shortening of muscles is only very 
weakly correlated with WBS as is 
clearYi:!^ correlation matrix for all 
combined data shown in table 3. The 
significance of the correlation 
between WBS and SL is due to one 
(treated) halve of exp'* 1 with SL = 
1.53 jj and WBS = 67.4 N , because 
without this halve the correlation 
coefficient (r) is -0.215 (not 
significant). The shorter sarcomere 
length for this halve clearly did 
not result from cold—shortening but 
may be due to so called "heat"- or 
"rigor"-shortening. The toughness 
however did clearly not only result
from shortening because also the 
Tn-T and 30 KDa concentrations were 
relatively high and low (11.2 and 
5.5 ug BSA-eq respectively)
indicating relatively low post­
mortal proteolytic degradation too. 
It is clear that conditions for 
shortening at rigor are about
optimal for the control animals. For 
the treated ones temperatures are 
somewhat higher (ca 20 °C at pH 5.8 
- 6.0 for expt 1 and group 1 of expt 
2 and near 30 °C for group 2 of expt 
2) than the theoretical optimum of 
15-20 °C. It must be mentioned here 
that temperature is measured in the 
warmest point of the LD so tempera­
ture is lower in the greatest part 
of the muscle. So it is obvious 
that, with one exception (see 
higher), shortening at rigor cannot 
explain the tenderness differences 
observed.
On the other hand it is clear from 
table 3 that an important part of 
tenderness variability can be 
explained by differences in 
proteolytic activity reflected in 
protein fragmentation. This
confirms our earlier results (Buts 
et al 1986b; 1987) and the results 
of Seideman & Koohmaraie (1987) who 
could explain a great part of the 
variability in tenderness ratings 
(and shear force values) by 
differences in fragmentation index.

1177



Table 3: Correlation matrix, mean. standard ideviation and range
for the poolded date for all halves (n=56).

Tendern.1 WBS SL Titin Tn-T 30KDa

Tendern.x 1.000 0.790** -0.380 -0.245 0.732** -0.766**
WBS 1.000 -0.338* -0.030 0.759** -0.732**
SL 1.000 0.451** -0.114 0.227
Titin 1.000 -0.113 0.015
Tn-T 1.000 -0.814**
30KDa 1.000

Mean 3.8 36.6 1.90 25.6 3.9 12.5
Stand. Dev. 0.9 9.7 0.14 3.6 4.0 4.3
Min 2.6 20.9 1.53 17.2 0.2 4.4
Max 6.0 67.4 2.26 38.6 14.3 19.3

Level of significance: *: P<0.05; **: P<0.01
1: Tendern. == taste panel tenderness; expfc 1 only (n=20) .

In figures 1 and 2 the relation 
between WBS and, respectively, 
Troponin-T and the 30 KDa component 
is shown. The relations found are 
not different from the ones we 
reported earlier (Buts et al, 1986b) 
for a similar group of animals. The 
introduction of SL as second 
independent variable in both 
relations allowed explanation of a 
significantly greater part of WBS 
variability than Tn-T alone 
(r2=0.640) but could not explain more 
than 30 KDa alone.
For the relation between Tn-T and 
30 KDa a similar regression equation 
as before (Buts et al., 1986b, 1987): 
Tn-Tconc = 13.4 - 0.76 SOKDa^o^c: 
(r2=0.663, s = 2.36) is found. This 
highly significant negative correla­
tion may indicate that 30 KDa is a 
degradation product of Tn-T, but 
this correlation does not necessarily 
reflect a direct cause/effect 
relationship.
The relation between Titin and WBS is 
unclear and is influenced by the 
difference in titin concentrations 
between exp1 1 and the two other 
experiments for which we do not have 
an explanation. The fact that titin

is influenced by a number of factor" 
during storage of samples like ti^ 
of frozen storage (Greaser et a1, 
1983) makes it difficult to indict
the contribution of 
tenderness variability.

titin in

CONCLUSION:
An important part of tendernS5̂  
variability can be explained ^  
differences in (parallel) protêt 
fragmentation (=differences ^  
maturation), although the influent 
of the structure itself (reflect  ̂
partly in sarcomere length) cann 
be completely excluded even in t

It®
to
t)V

absence of cold-shortening.
It is also clear from our resu 
that proteolytic activity can 
some extent be influenced 
(modification of the cooling cond1 
tions during installation of ri<3or̂  
A far better knowledge of
potential hydrolytic activity 0 ̂

th?
i*

proteinases, the activity 
proteinase inhibitors and 
tenderizing (mechanism in general 
needed before optimal c o d 1̂  
conditions for maximal tenderize^1 
can be indicated.
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Regression equation : WBS = 29.5 + 1.83 Tn-T 
r2 = 0.576; S = 6.38 (n = 56)

Figure 2 : Regression of WBS. on 30 KDa concentr.
Regression equation : WBS = 57.2 - 1.64 30 KDa 'y cone
r = 0.537; S = 6.67 (n = 56)

 ̂ ug BSA-eq./mg myof. protein
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onf., 36, 87-71.

Lochner, J.V., Kauffman, R.G. ^  
Marsh B.B. (1780):
Early-post-mortem cooling rate anC* 
beef tenderness. Meat Sci., 4, 227" 
241.

Marsh, B.B. (1783):
Effects of early-postmortem musde 
pH and temperature on meat tender" 
ness. Proc. Rec. Meat Conf., 36* 
131-137.
Marsh, B.B., Lochner, J.̂ 'J 
Takahashi, G. & Kragness, D. (1781)' 
Effects of early post-mortem pH an 
temperature -on beef tenderness 
Meat Sci., 5, 477-483.
Marsh, B.B., Ringkob, T.P., Russel1’ 
R.L., Swartz, D.R. & Pazgel, L*̂ ' 
(1787):
Effects of early—postmortem glycdV^ 
tic rate on beef tenderness.
Sci., 21, 241-248.

Moerman, P.C. (1773):
Koelsnelheid van slachtwarm viee3’ 
Koeltechniek 66, 13-16.

Parrish, F., 
Andersen, L . 
Effect of 

certain

Young, R., 
(1773):

Miner, B<* *

in<3post-mortem condition!  ̂
chemical, morphologi^ 

and orgqnoleptic properties 0
bW

on

bovine muscle. 
675.

J Food Sci., 38,

Petàtaja, E., Kukkonen, E -
Puolanne, E. (1785):
Effect of post-mortem temperature 
beef tenderness. Meat Sci.» 
145-154.

( f
12»

Seideman S.C. & Koohmaraie*
(1987): ne**Factors associated with tendern^
in young beef. Meat Sci., 20, 2»
271.

1180



ÎQrnberq, E. & Larsson, B, (19B6);
The influence of temperature on the 
bourse of rigor and aging in two 
^®®f muscles. Proc. 32nd Europ. 

Meat res. Workers, Ghent, 85-
88.

^andendriessche, F., Buts, B., 
8laeys, E v Dendooven, R. & Demeyer, 
D* (1984):
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STUDY OF PURIFICATION AND PROPERTIES OF 
CREATINE KINASE FROM PORCINE SKELETAL 
MUSCLES

ZENG S h i - y u a n  and L IO Y o n g - l e

Food S c i e n c e  D e p a r t m e n t ,  Hangzhou I n s t i ­
t u t e  o f  Commerce, Hangzhou,  P . R . C h i n a

I n t r o d u c t  ion

C r e a t i n e  k i n a s e  EC 2 . 7 . 3 . 2 .  is  an impor­
t a n t  enzyme, which p a r t i c i p a t e s  in t h e  
c e l l  e n e rg y  m e t a bo l i s m  and has d i r e c t  r e  
l a t i o n s  w i t h  muscle  c o n t r a c t i o n  arid ATP 
r e g e n e r a t i o n ,  i t  c a t a l y z e s  th e  t r a ns p h os  
p h o r y l a t i o n  r e a c t i o n  between c r e a t i n e  
and ATP.

¥
ATP + H2N -C - y - C H 2-C 0 0  v= = ^

ADP + O - f - N H - C - N - C H j - C O o "  + H+
0 "  ¿H,

T h i s  k i n a s e  i s  found in s k e l e t a l  m usc le ,  
c a r d i a c  muscle  and b r a i n  t i s s u e ,  p r e s e n t  
ing t h r e e  d i f f e r e n t  t y p e s ,  v i z . :  MM-type  
( i n  m u s c l e ) ,  B B - t y pe  ( i n  b r a i n )  and MB- 
t y p e  ( i n  c a r d i a c  and o t h e r  t i s s u e s ) .  In  
r e c e n t  y e a r s ,  r e s e a r c h e s  r e v e a l  t h a t  e r e  
a t i n e  k i n a s e  has im p o r t a n t  r o l e  in  N a - K -  
ATP pump s y s t e m . ( 1 )  C l i n i c a l l y  i t  is  a l ­
so h i g h l y  e v a l u a t e d  as  in th e  e a r l y  s t a ­
ge d i a g n o s i s  o f  m y o c a r d i a l  i n f a r c t i o n  
and in e s t i m a t i n g  t h e  d im ens io n  o f  i n ­
f a r c t i o n . ( 2 )  E s p e c i a l l y  when c e r t a i n  
m y o c a r d i a l  i n f a r c t i o n s  can not  be j u d g e d  
by e l e c t r o c a r d i o g r a m ,  t h e  a n a l y s i s  o f  
serum c r e a t i n e  k i n a s e  i s  o f  g r e a t  use .
( 2 ) , ( 3 ) .  T h e r e f o r e ,  t h e  s t u d y  o f  th e  pu­
r i f i c a t i o n  and p r o p e r t i e s  o f  c r e a t i n e  k i  
nase has s i g n i f i c a n c e  not  o n l y  in t h e o r y  
and a l s o  in p r a c t i c e .
In  1954 Kuby e t  a I f i r s t l y  p u r i f i e d  and 
c r y s t a l l i z e d  t h i s  enzyme from r a b b i t  l i ­
v e r .  ( 4 ) . T h e r e a f t e r , a s e r i e s  o f  i s o l a t ­
ion and p u r i f i c a t i o n  works were  p e r f o r m ­
ed from muscles  and b r a i n s  o f  v a r i o u s  
a n i m a l s  e . g .  r a t ( 5 ) ,  monkey(6) ,  c a r p ( 7 ) ,  
c h i c k e n ( 8) and human b e i n g ( 9 )  and horse  
( 1 0 ) .  Among t h o s e ,  t h e  s t u d y  o f  c r e a t i n e  
k i n a s e  from r a b b i t  muscle  was t h e  most 
d e t a i l e d .  The p h y s i c o - c h e m i c a l  p r o p e r t ­

i e s ,  the  c a t a l y t i c  mechanisms and the  
s t r u c t u r e  o f  s u b u n i t s  were  a l l  s t u d i e d -
( 1 1 ) ,  ( 1 2 ) ,  ( 1 3 ) .  R e c e n t l y ,  a l o n g  wi th  
the  deve lopment o f  m o l e c u l a r  b i o l o g y ,  
even t h e  amino a c i d  sequence o f  c r o a t ¡ !ie 
k i n a s e  from r a b b i t ,  c h i c k e n  and r a t  were 
a n a l y s e d .  ( 1 4 ) 0 5 ) .  But s t u d i e s  o f  c re a '  
t i n e  k i n a s e  from p i g  a r e  more l e s s .  F° r 
p i g  has a g r e a t  b u l k  o f  m usc le s ,  and 
muscle  is  a good s our ce  o f  many bioinol0'  
c t i l e s ,  moreover p i g  is  n e a r e r  t o  human 
b e in g s  in b i o l o g i c a l  s p e c i e s ,  so i t  is 
a p p r o p r i a t e  to  i s o l a t e  and p u r i f y  c r e a ­
t i n e  k i n a s e  from p i g  muscles  i n s t e a d  o i  

from muscles  o f  o t h e r  minor  a n i m a l s .

M a t e r i a l s  and methods  

M a t e r  i a l s :
F re sh  muscles  from Hangzhou Meat Factor? 
Chemica l  r e a g e n t s :  A l l  A .R.  g ra d e  or  
b i o c h e m i c a l  g ra de
A p p a r a t u s :  C e n t r i f u g e s ,  v i s i b l e  & u l t r a '  
v i o l e t  s p e c t r o p h o t o m e t e r s ,  p a r t i t i o n  
c o l l e c t o r s ,  A A - a n a l y z e r  ( H i t a c h i  835-5®

Methods:
1) I s o l a t i o n  and p u r i f i c a t i o n  p r o c e d u r e
a )  F r a c t i o n  I Crude e x t r a c t
Minced p i g  muscles  (ba ck  and l e g )  4002' 

a r e  homogenized w i t h  0 .0 1M .KCL s o l u t i o n  
( 2m l . / g . m u s c l e )  and th en  c e n t r i f u g e d  
(3 0 0 0  r . p . t n . ) .  The s u p e r n a t a n t  is  f U tC 
ed th ro ugh  4 l a y e r s  o f  c h e e s e c l o t h .  Thi! 
s o l u t i o n  is  t h e  c ru d e  e x t r a c t .  ,

b )  F r a c t i o n  11 60% e t h y l  alcohoI-MgS®
p r e c i p i t a t i o n  |

The pi! o f  t h e  c r u d e  e x t r a c t  is  a d j u s t  
w i t h  5M.ammonia s o l u t i o n  to  9 . 0 .  S o l ^  
NH4C1 is  added t i l l  th e  c o n c e n t r a t i o n  * 
bro ug ht  to  0 . 1  M. ,  and a d j u s t  pH to  9*® 
once more .  A f t e r  s t i r r i n g  f o r  l h r . ,  ^  

e t h y l  a l c o h o l  is  added a t  -10 ' C • ,  1°  a 

c o n c e n t r a t i o n  o f  60% ( t a k i n g  t h e  95% 3 
cohol  as  100%).  S t i r r i n g  is  c o n t i n u e d   ̂
f o r  h a l f  an h o u r .  The s o l u t i o n  is  war 
to  1 0 * C - ,  c e n t r i f u g e  (.3000 r . p . m . ) f o r  ^  
m i n u t e s .  To t h e  s u p e r n a t a n t ,  pH 8 . 5 ,
M MgS04 s o l u t i o n  is  added to  th e  coriee[1 
t r a t i o n  o f  0 . 0 3  M . .  R e s t o r e  t h e  eoncei r  
t r a t i o n  o f  a l c o h o l  to  60%, s t i r  f o r  ^  

m i n u t e s  a t  about 1 0 " C . .  C e n t r i f u g e  for  ̂
30 m i n u te s  ( 4 0 0 0  r . p . m . ) .  The p r e c i p > 1̂  
a t e  is  e x t r a c t e d  t w i c e  w i t h  pH 9 . 0 ,  0 ; . 
M. Mg(Ac)a (The amount f o r  t h e  f i r s t  
is  8% o f  t h a t  o f  c r u d e  e x t r a c t ,  f o r
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Second t i m e  i s  4%) .  C e n t r i f u g e  f o r  30  
la‘ nute s  (4 0 0 0  r . p . m . ) .  Combine th e  s u ­
p e r n a t a n t s  and arid 95% e t h y l  a l c l h o l  at  

!0“C .  to  the  c o n c e n t r a t i o n  o f  50%. S t i r  
f ° r  30 m i n u t e s ,  c e n t r i f u g e  a t - 5 ' C . f o r  

m i n u te s  ( 4 0 0 0  r . p . m . ) .  The p r e c i p i t -  
^0 is  d i s s o l v e d  in pH 8 . 0 ,  0 , 0 1  M, t r i s  
'Jl|f f e r  s o l u t i o n .
c) F r a c t i o n  i l l  (NH4)a S0#. p r e c i p i t a ­

t ion  ( 0 . 4 5 - 0 . 7 5  s a t u r a t i o n )
■-tc above s o l u t i o n  is  d i a l y s e d  a g a i n s t  

same t r i s  b u f f e r  s o l u t i o n  f o r  24 hrs. 
^ n t r i f u g e  f o r  30 m i nu te s  ( 4 0 0 0  r . p . m . ) ,  
j °  the  s u p e r n a t a n t ,  (N H 4) *S 04 is  added  
0 0 - 4 5  s a t u r a t i o n ,  w h i l e  1 M. NH40H is  

,lflded to  m a i n t a i n  th e  pH to  7 . 8 .  Put a s -  
f o r  2 h r s ,  c e n t r i f u g e  f o r  30 m i nu te s  

4000 r . p . m . )  To th e  s u p e r n a t a n t  (NĤ -SÔ . 
ls a g a in  added t o  0 . 7 5  s a t u r a t i o n .  Stand  
^  f o r  3 h r s .  C e n t r i f u g e  f o r  30 m i nu te s  
5)000xg.). D i s s o l v e  t h e  p p i . i n  t h e  same 

) l l f f e r  s o l u t i o n  and d i a l y s e  to  remove  
. ^ 4 )2 SO*.  Arid th en  use pH 8, 0 . 0 2  M,
tr *s s o l u t i o n  c o n t a i n i n g  0.01 M. me rc ap -
an t o  e q u i l i b r a t e .
^  F r a c t i o n  IV DEAE chro ma tog rap hy  

0 . 0 2  M. pH 8 . 5  t r i s  b u f f e r  to  e q u i -  
. ' P r a t e  t h e  DEAE column ( 2 0 x 1 . 5  c m . ) .
^  sample  iri 3 b a t c h e s .  At room tempe r -

^ ture  ( 8‘C . h  use 0 . 0 2  H. t r i s  and 0 . 1  M. 
t r
9te
(4

•s b u f f e r  (pH 8 . 1 )  100 m l .  each t o  e l u
C o l l e c t  in tu b e s ,  7 rain, one tube  

* 1 . ) .  Combine t h e  e l u a t e s  which  show 
^ y m e  a c t i v i t y .  Add (N H4 )a S0*  to  0 . 9  

d u r a t i o n ,  c e n t r i f u g e ,  suspend t h e  p p t .  
Jn sma l l  amount o f  (NH4)<iS04. s o l n .  w i t h

same d e g r e e  o f  s a t u r a t i o n .  Keep a t  
45 *p ̂ v- ♦

D e t e r m i n a t i o n  o f  enzyme a c t i v i t y  
^  C r e a t i n e  c o l o r  r e a c t i o n  method ( 1 6 )  

PH method ( 1 7 ) ( 1 8 )
4 pr o t e i n  d e t e r m i n a t i o n  B i u r e t  method
, ,  P^CE method f o r  p u r i t y  d e t e r m i n a t i o n  U9)5) p
c ° ePhadex ge l  ch ro ma tog rap hy f o r  mo lo -  
(>)'or w e ig ht  d e t e r m i n a t i o n  ( 1 9 )

SDS-PAGF. method f o r  m o l e c u l a r  weight

7) Gr‘i>inat ion ( 1 9 )  
Ami (20)■"■■no ar; jd a n a l y s t ;  
t r y p t o p h a n e  d e t e r m i n a t i o n  ( 1 9 )

^SULTS
Cr P u r i f i c a t i o n  and i d e n t i f i c a t i o n  o f  

r.fiat i n e  k i n a s e
Crroin 400 g t o f  p j g  m u s c le s ,  30 m l .  o f  

/ m?a t i n e  k i n a s c  s o l u t i o n  ( 1 6  m g . p r o t e i n  
‘ 1 were o b t a i n e d .  A c t i v i t y  r e c o v e r y

was 42 .5 % ,  s p e c i f i c  a c t i v i t y  was 85  
u n i t s / l m g .  p r o t e i n .  ( t a b l e  I )

1 11 I i 1 IV
s t e p  cru de A l e . (N H ^ S O * DEAE
I tem e x t r a c t

T
p p t . c h r o m â t .

Vo I .
( m l . ) 600 87 68 30

t o t a l
p r o t e i n 11080 1183 734 480

t o t a l  
ac t  i v i t y 96000 55680 47056 40800

r e c o v e r y
% 100 5 8 . 6 4 9 . 0 4 2 . 5

s pec i  f i c 
a c t  i v i t y  
u n i t s / m g .  
p r o t e i n

8.66 4 7 . 0 6 6 4 . 1 0 8 5 . 0 0

p u r i  f i -  
c a t  ion 
f o l d 1.0 5 . 4 2 7 . 4 0 9 . 8 2

T a b l e  ! Pur i f :¡ca t  ion o f  c r e a t i n e  k i n a s e

O.D.  3 . 5

3 . 0
r \
i *
; ;

A c t i / i U

2 . 5 i \
i i

2 5 0

2.0 |Ai 2 0 0

1 .5 j • \$ 0

1.0 j i\ 100

0 . 5 Il K SO

0.0 — - - ' “V  --------

5 10 15 20 25 30 35 40
No. o f  t ubes

----------------- O . D . 2 8 0
----------------  Enzyme a c t i v i t y

F i g . l  DEAE chromato graphy
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1 a 3 4-

F i g . 2 P A G - e l e c t r o p h o r e t i c  spec t ru m  
Cone, o f  g e l  7%, 

s t a i n e d  by a n i l i n e  b l a c k  
Tube 1 , 2 , 3 , 4  c o r r e s p o n d  t h e  f r a c t i o n  I ,  
I I ,  I I I ,  IV r e s p e c t  i v e l y  
Tube 4 (one band o n l y )  shows t h e  enzyme  
p r e p a r a t i o n  has a t t a i n e d  e l e c t r o p h o r e t i c  
pur e

F i g .  3 SDS-PAG e l e c t r o p h o r e t i c  spec t ru m  
o f  f r a c t i o n  IV
Cone,  o f  g e l :  Tube 1, 7 .5 % ,  Tube 2 ,  10%, 
s t a i n e d  by commaise b l u e  R -25  2

2 )  D e t e r m i n a t i o n  o f  M.W. o f  c r e a t i n e  
k i n a s e

a )  M.W. d e t e r m i n a t i o n  by sephadex c h r o ­
mat ography

The M.W. o f  c r e a t i n e  k i n a s e  8 3 , 0 0 0  was 
o b t a i n e d  from s t a n d a r d  c u r v e  made from 
th e  d a t a  on t a b l e  11.

' \ l t e m
P r o t e i n s N ^

M.W. V o l . o f  
e l u a t e

horse  l i  v e r  
dehydrogenase 8 0 , 0 0 0 27

b o v i n e  serum 
a lb um in 6 7 , 0 0 0 32

h o r s e  r a d i s h  
p e r o x i d a s e 4 0 , 0 0 0 43

t r y p s i n 2 3 , 3 0 0 5 2 . 5

sample 8 3 , 0 0 0 25

T a b l e  l l  Volume o f  e l u a t e o f  s t a n d a r d
p r o t e i n s  and sample  p r o t e i n

b)  M.W. by SDS-PAGE-method
The M.W. o f  c r e a t i n e  k i n a s e  s u b u n i t  

4 2 , 0 0 0  was o b t a i n e d  from t h e  s ta n d a r d  
c u r v e  made from th e  d a t a  on t a b l e  I I I *  

The r e l a t i v e  m o t i l i t y  o f  sample  was 
0 . 5 2 5 ,  t h e  c o r r e s p o n d i n g  M.W. was abou1
4 2 , 0 0 0 .

I tem dye  
f r o n t  i e r

band 
d i s t .

r e l a t i v e  log  
mot i 1 i t y  M.W.

M.W*
x i 0

p ho s p h or y -  
l a s e  B 6 . 4 1.2 0 . 1 8 7  4 . 9 3 7 9. $

TMV 6 . 4 5 . 8 0 . 9 0 6  4 . 2 4 3 l . t f

c a r b o n i c  
a n h y d r ­
ase 6 . 4 4 . 5 0 . 7 0 3  4 . 4 4 7 3 .00

a c t  in 6 . 4 3 . 2 0 . 5 0 0  4 . 6 3 3 4.30

b o v i n e  
sérum 
album in 6 . 4 2.2 0 . 3 4 3  4 . 8 2 6 6.70

sample 6 . 1 3 . 2 0 . 5 2 5  4 . 6 3 0 4.20

T a b l e  I I I Band: d i s t a n c e s  ( c m . ) o f s tar

d a r d s  and sample
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^  Amino a c i d  a n a l y s i s  
s) Tryptophane content

50mg./g.prote in obtained from the 
8|;andard curve.

b) T o t a l  amino a c i d s  a n a l y s i s  (e x c e p t  
r P - )  by amino a c i d  a n a l y z e r

i no 
i d

content 
mg.% p ro te in

amino content 
acid mg.% p ro te in

Asp. 113.33 Cys. 9.95

T h r . 37.875 V a l. 56.34

Ser. 37.837 Met. 28.71

Glu. 118.47 I le. 26.53

Ala. 26.37 Leu. 86.74

° iy . 46.76 Tyr. 13.22

__ Phe. 47.43 Lys. 89.18

__ His. 29.78 Arg. 47.40

Pro. 33.07

Table IV Amino acid Analysis re s u lts

. K i n e t i c  p rope rt ies  of p ig  muscle c re -  
ine kinase 

k Optimum pH
optimum pH of th is  enzyme is between 

obtained from the f igu re  4 bas- 
uPon the data on tab le  V. The enzyme 

0Jl i v i t y  was determined by crea t ine  c o l -  
^ a c t io n  method. Enzyme cone.0.06 mg. 

/,l..

A c t iv i t y

S.S
6.0
•̂5
7.0
7-S
8.0

2.975
5.950
7.990
8.500
5.100
2.215

A c t iv i t y  
ra t  io

35
70
94
100
60
25

The influence of pH on crea tine  
kinase a c t i v i t y

p H

F ig .4 The optimum pH of c rea t ine  kinase

b) The influence of temperature on 
crea tine  kinase

Keep c rea tine  kinase so lu t io n  at di 
f fe re n t  temperatures fo r  15 minutes, the 
in a c t iv a t io n  is s ig n i f ic a n t  at 60 ‘C- 
(Table V I , F ig. 5)

a c t i v i t y before
incubation

a f te r  
incubât ion

ra t io

20° C 60 60 100%
25’ C 60 60 100%
301 C 60 60 100%
35* C 60 60 100%
40° C 60 53 88%
45” C 60 50 83%
50° C 60 30 50%
60" C 60 0 0

Table VI The in fluence o f temperature on 
crea tine  kinase a c t i v i t y

Temp. 'C.
F ig .5 The influence of temperature on 

crea t ine  kinase
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c )  D e t e r m i n a t i o n  o f  a c t i v a t i o n  energ y  E 
The a c t i v a t i o n  energ y  E o f  c r e a t i n e  

k i n a s e  is  1 4 , 2 8 0  c a l o r i e s ,  o b t a i n e d  from 
F i g .6 based on t h e  d a t a  on t a b l e  V I I ,  by 
A r r h e n i u s  eg ua t  ion:  
log  a * / a ,  -  E(T2 -T ,  1 / 2 . 3 0 3  RT, Tz 

From T a b l e  V11 i t  is  found th e  optimum 
t e m p e r a t u r e  o f  c r e a t  ine  k i n a s e  is  35 “C . 
The a c t i v i t i e s  a t  d i f f e r e n t  t e m p e r a t u r e s  
( c i t e d  ori T a b l e  v i n  a r e  d e t e r m i n e d  by 
pi l -method.  The enzyme c o n c e n t r a t i o n  is  
about 3 m g . p r o t c i n / m l .

I tem
Temp.

a c t i  v i 1y log a c t i v i t y 1 /TX10

15 "C 48 1.68 1 3 4 . 7
20 X 60 1 .7 7 8 3 4 , 2
25 *C 110 2 .0 4 1 3 3 . 5
30 X 170 2 . 2 3 0 3 3 . 0
35 X 240 2 . 3 8 0 3 2 . 5
40 X 200 2 . 3 0 0 3 1 . 9

T a b l e  V I I  The a c t i v i t y  under  d i f f e r e n t  
t e m p e r a t u r e s

2 . 4
2 . 3
2.2

Log 2 . 4  
ac t  i -  2,0 
v i t y  1 .9  

1.8
1 .7
1.6
1 .5

32  3 2 . 5  33 3 3 . 5  34 3 4 . 5  35
-Lx ic?

F i g .6 The a c t i v a t i o n  e n e rg y  E o f  c r e a t  
ine  k i n a s e

d)  D e t e r m i n a t i o n  o f  M i c h a e l i s  c o n s t a n t  
Km

The a c t i v i t y  is  d e t e r m i n e d  by pH-method,  
p l o t  as  L i n e w e a v e r - B u r k  method.

( 1 )  Km-ATP
C r e a t i n e  is f i x e d  a t  40 mil. 1 / K ir is  oh 

t a i r i e d  from F i g . 7 and hence Kin=2.04 mH.

F i g . 7 L i n e w e a v e r - B u r k  plot,  o f  Km-ATP

( 2 )  K m - c r e a t i n e
ATP c o n c e n t r a t i o n  is  f i x e d  a t  4mM/3m1 • 

1/kffl is  o b t a i n e d  from F i g . 8, hence  
K m - c r e a t i n e  e q u a l s  14.28mM.

- 0 . 6  - 0 . 2  0 . 4  0 . 8
[1/Sl

F i g .  8 L i n e w e a v e r - B u r k  p l o t  o f  
K m -c re a t  ine
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D IS C U S S  1 O N

',!l 1954,  Kuby e t  a l  ( 4 )  f i r s t l y  i s o l a t e d  
p u r i f i e d  c r e a t i n e  k i n a s e  from r a b b i t  

* ,iSr: l e .  Owing to  t h e  c r y s t a l l i z a t i o n  
^or .oss  was more t ime-comsuitung, many 
!5°dif ¡c a t  ions  were p e r f o r m e d .  In 1981 

0sh i h i d e  and Takasawa ( 2 1 )  p u r i f i e d  
thout  c r y s t a l l i z a t i o n ,  c r e a t i n e  k i n — 

Ŝ(5 from p i g  muscles  w i t h  DEAE ion e x -  
r 'ahge chr omatography and CM-ce 11 u 1 ose  
, ^ o w a t o g r a p h y . The a c t i v i t y  r e c o v e r y  

41%, p u r i f i c a t i o n  f o b !  was 8. Wo u s -  
f r a c t i o n a l  p r e c i p i t a t i o n  method w i t h  

a ‘ Cohol 4 ammonium s a l t s ,  and DEAE ion  
®*change chro ma to gra phy  method, in c o n -  
' ‘ l i o n  t h a t  no c o l d  room was a v a i l a b l e ,  

a s a t i s f a c t o r y  r e s u l t — a c t i v i t y  r e -  
'‘° v e r y  4 2 .5 % ,  p u r i f i c a t i o n  f o l d  10.  The  

o f  p o r c i n e  c r e a t i n e  k i n a s e  8 3 , 0 0 0 ,  
o b t a i n e d  by sephadex c h ro m a to g ra p hy ,

55 h e a r e r  to  t h a t  o f  r a b b i t  c r e a t i n e  k i -  
'JSO , 8 2 , 0 0 0 .  ( 2 3 )  The H.W. o f  s u b u n i t  by 
US~page  method,  is  4 2 , 0 0 0 .  The re p ro d uc  
h i l i t y  o f  t h e s e  two methods was h i g h .

I e amino a c i d  a n a l y s i s  r e s u l t s  o f  p o r c -  
c r e a t i n e  k i n a s e  were  n e a r e r  t o  t h a t  

r a b b i t  c r e a t i n e  k i n a s e .  ( 2 4 )  The o p -  
. !,|uim p j^  }i e a t s t a b i l i t y  were n e a r e r  t o  
t )Qse o f  c h i c k e n  ( 2 5 )  and human ( 2 6 )  
R a t i n e  k i n a s e .  A c t i v a t i o n  e n e r g y ,
{ ‘chae I is  c o n s t a n t  a r e  a l l  n e a r e r  to  t h -  
j.?e o f  r a b b i t  c r e a t i n e  k i n a s e .  ( 21) 

h o r e f o r e  i t  is  h i g h l y  f e a s i e b l e  to  use  
j' r̂ c i n e  c r e a t i n e  k i n a s e  i n s t e a d  o f  r a b b -  
» o c e a t i n e ^ i n  s c i e n t i f i c  and c l i n i c a l  
ract fc/nase
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